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This paper presents a measurement technique for estimating the far-field directivity of
the sound radiated from a duct using measurements of pressure made inside the duct. The
technique is restricted to broadband, multi-mode sound fields whose directivity patterns are
axi-symmetric, and whose modes are mutually uncorrelated. The technique uses a transfer
function to relate the output from an in-duct axial beamformer to measurements of the
far-field polar directivity. A transfer function for a hollow cylindrical duct with no flow
is derived, and investigated in detail. The transfer function is shown to be insensitive to
the mode-amplitude distribution inside the duct, and hence a predicted transfer function
can be used to predict the directivity in practice where the noise source distribution is
unknown. It is suggested that the proposed technique will be especially useful for fan rig
experiements, where direct measurement of directivity, for example by use of an anechoic
chamber, is impossible. The technique is validated using a no-flow experiment.
I. Introduction
This paper presents a measurement technique for estimating the far-field directivity of the sound radiated
from a duct using measurements of pressure made inside the duct. The technique is restricted to broadband,
multi-mode sound fields whose directivity patterns are axi-symmetric, and whose modes are mutually un-
correlated. This technique will be especially useful for fan rigs where direct measurement of directivity, for
example by use of an anechoic chamber, is impossible.
To test new aeroengine designs model-scale tests are often performed as they provide realistic aerodynamic
conditions while at the same time being easy to modify and instrument with sensors. A disadvantage of
model-scale tests is that direct measurement of radiated noise is often impractical. Model-scale tests are
often carried out indoors, where either anechoic facilities do not exist for the measurement of radiated noise,
or measurement is impossible due to mechanical constraints (venting of gasses for example). Because of this,
acoustic measurements are often restricted to locations within the bypass duct or inlet duct.
To estimate radiated directivity patterns from in-duct measurements, the only current technique is to
determine the amplitudes of all the propagating modes in the duct, a process known as modal decompostion.
The amplitudes of each mode can then be used as the input to a radiation model which describes how
each mode propagates to the far-field. Modal decompositon for tonal (rotor-stator interaction) noise is a
well-established experimental technique, first applied by Bolleter and Crocker.
1
Modal analysis of broadband noise, however, is a comparatively less well developed technique. Broadband
noise generated by the fan causes all propagating modes to carry energy. As frequency, and therefore the
number of modes increases, more microphones are required to accurately decompose the sound field. This
involves either using an array with a large number of fixed microphones, as employed by Ganz
2
for example,
or by using a smaller number of microphones that can rotate around the duct axis. To use a rotating
microphone array, a known phase reference, such as that provided by a single stationary microphone is
required. Enghardt et al.
3,4
have recently proposed techniques to allow the decomposition of broadband
sound fields with up to 150 propagating modes. The measurement time and complexity required to do this
is considerable; the technique described in this paper is intended to give a more rapid indication of far-field
directivity.
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